INTRODUCTION
The analysis of tobacco for alpha-amino nitrogen content, which is of considerable value in the evaluation of tobacco quality, is usually carried out by the Van Slyke nitrous acid method (7). This method utilizes the general reaction of primary amines with nitrous acid to produce nitrogen, but the procedure can be made fairly selective for amino nitrogen alpha to a carboxyl group, i. e., alpha-amino adds, by limiting the reaction time to a few minutes as is done in the analysis of tobacco. The procedure is not completely adequate for the accurate determination of total amino acids in tobacco in that proline, a major amino acid of flue-cured tobacco, is not detected, glutamine is detected to the extent of 18o 0 /o of the alpha-amino group and ammonia is detected to the extent of 50 °/o. However, when these inadequacies are taken into account, the Van Slyke method was found by Williams and Gerritsen (9) to yield results for aged and unaged flue-cured tobacco which are reasonably consistent with results for total amino acids determined by liquid dtromatography. Further deficiencies of the Van Slyke method as a routine procedure are that it is rather time-C"Onsuming, requiring about15minutes for a single determination, considerable technique must be mastered in operating the apparatus, and the procedure does not appear readily amenable to being automated. Thus, it was of considerable interest to develop a procedure which would provide a more accurate estimate of total amino acids in tobacco extracts and whidt could also be automated to reduce the amount of operator time required. A number of other procedures have been described for the estimation of total amino acids in plant extracts (4) but, in general, the available procedures appear to lack the desired degree of accuracy. At least one of these, a procedure utilizing the reaction of ninhydrin with amino acids in whidt the color formation is measured, has been applied to tobacco by Harman et al. {2.) , but the procedure as described by Spies (3) suffers &om interference by ammonia and amines, and has a varying sensitivity for different • P<eoen1e<l, in part, at 1he 211h Tobacco Chemist•" Researd! Conferenc~.
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amino acids with an extremely low sensitivity for proline. Thus, this colorimetric ninhydrin procedure appears capable of providing only a rough estimation of the total amino acid content when applied to a complex mixture sudt as a tobacco extract. However, in 1:941, Van Slyke et al. (8) reported that the ninhydrin reaction could serve as the basis of a highly selective method for alpha-amino adds if the carbon dioxide produced in the reaction was measured instead of the color formation. These authors found that this ninhydrin-C02 method possessed a constant sensitivity for many alpha-amino adds, including proline, with one mole of C02 being produced per mole of amino acid. An important exception to this is the case of aspartic acid, wherein two moles of C02 are evolved per mole. Ammonia and amines do not give rise to COg evolution and, therefore, do not interfere. Of all the methods presently available, it was concluded that this .ninhydrin-COg method offered the most promise of providing a rapid procedure for the reasonably accurate determination of total amino acids in extracts of tobacco. Therefore, a study was undertaken with the objective of developing an automated procedure based on the ninhydrin-C02 method and to evaluate it as an alternate to the Van Slyke nitrous acid method for the determination of alpha-amino nitrogen in tobacco. The results of this investigation are described in the following sections.
METHODS AND MATERIALS

Apparatus
The Technicon AutoAnalyzer I used in this work consisted of standard modules including a Sampler 11 with a 30 per hour, 1 :1 cam, a Pump I, a 95° C heating bath with 1:.6 and 2.0 mm i. d., 40 ft. glass coils, and a colorimeter-recorder unit with a 15 mm flowcell and 540 nm filters. The manifold is assembled as shown in figure 1 using standard AutoAnalyzer fittings except for the B-3 separator. This fitting is modified by replacing the supplied metal tube with a section of an 18 gauge syringe needle with squarecut ends and bent in the same manner as the original DOI: 10.2478/cttr-2013-0335 AutoAnalyzer manifold for nlnhydrln-C02 procedure. (0.056") pump tube which has been cut close to the colored shoulder. To provide COll""free air for segmenting the sample stream and to protect the color reagent from exposure to atmospheric C02, the system illustrated in Figure 2 is used ahead of the pump. phthalein in methanol to make :1.00 ml of solution.
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6. Sodium 0.33 M in Na2COa and o.67 M in NaHCOa. Dissolve :1.7 .7 g of sodium carbonate and 28.o g of sodium· bicarbonate in water to make 500 ml of solution.
7· Color Reagent. Dilute 4.6 ml of the sodium carbonate-bicarbonate solution (Reagent 6) and :1..6 ml of :1. Ofo phenolphthalein (Reagent 5) to 2000 ml with
COll""free distilled water. Add :1..0 ml of Brij-35. Water sufficiently free of C02 can be prepared by bubbling a stream of nitrogen through the water for two hours before preparing the solution. The baseline obtained with the color reagent should lie between 22 and 28°/o T, and it may be necessary to adjust the volume of phenolphthalein used to obtain a baseline within this range. 
Analytical Procedure
Extraction of Tobacco: Place 6.67 g of the ground tobacco sample in a 250-ml Erlenmeyer flask, add 50.0 ml of water and agitate to thoroughly wet the tobacco. Then add another 50.0 ml of water in such a manner as to wash any tobacco from the walls of the flask down into the mixture. Allow to stand overnight, mix and filter, using a S + S No. 588 folded filter paper.
Analysis of Extracts:
With the AutoAnalyzer manifold assembled as shown in Figure 1 , pump water through all reagent lines for at least ten minutes. Adjust the colorimeter 0 /o T control to obtain a baseline of 1oo 0 /o T with water and then begin pumping reagents.
After about 15 minutes, when the system has become stable, start sampling at the rate of 30 per hour with a ·sample to wash ratio of 1:1. Standards are run before and after the sample extracts. At the completion of the run, construct a calibration curve relating molarity to peak height with the data obtained from the standards. Read the molarity for each sample extract and calculate the 0 /o alpha-amino nitrogen:
0 /o Alpha-amino N = Molarity X 21.oo.
RESULTS AND DISCUSSION
The initial part of the automated system wherein the sample solution is buffered, mixed with ninhydrin and heated at 95° C for about 9 minutes was designed to duplicate as closely as possible the conditions specified by Van Slyke et al. (8) in their manual procedure. It was found necessary to utilize the wetting agent Brij-35 to promote smooth flow through the heating bath, and . the addition of the anti-foaming agent to the stream following the heating bath is required for proper operation of the B-3 gas-liquid separator. The final part of the automated system, in which the C02 produced in the reaction with ninhydrin is measured, is based on Technicon methodology (5). The C02 is absorbed in a buffered solution of phenolphthalein and the resultant decrease in pH reduces the color of the solution. A typical chart recording of the standards is shown in Figure 3· Norleucine was chosen as the standard rather than sodium carbonate as used in the Technicon methodology because it was concluded that an amino acid would better serve to calibrate the entire system, and sodium carbonate solutions are prone to contamination by atmospheric C02. The ability of the automated procedure to detect various amino acids which commonly occur in tobacco was evaluated by analyzing o.o2 M aqueous solutions prepared from reagent grade amino acids. A o.o2 M solution of sodium carbonate was also analyzed to provide an indication of the completeness of the ninhydrin reaction with the amino acids. The solutions were analyzed using both pH 2.4 and 4·7 buffers inasmuch as Van Slyke reported some difference in response at the two pH levels. The responses obtained with each solution, relative to norleucine and on a 230 - 
Molarlty of norleucine molar basis, are shown in Table 1 . It can be seen that the automated procedure detects the various amino acids with fairly constant sensitivity with the exceptions of aspartic acid, lysine (at pH 4.7) and 4-aminobutyric acid, which is not an alpha-amino acid. These sensitivities are similar to those reported by Van Slyke et al. (8}, although they found a somewhat more constant sensitivity for most of the amino acids tested. The results with the sodium carbonate solution indicate that at pH 2.4 the reaction of norleucine is complete to produce one mole of C02 per mole, whereas a somewhat greater amount of C02 is evolved at pH 4·7·
Recovery tests to determine the sensitivity of the automated procedure in the presence of tobacco extracts were carried out with those amino acids typically dominant in flue-cured and hurley tobaccos (1, g). These amino acids were added individually to tobacco extracts at the level of o.o1 M except with aspartic acid where the addition was o.oo5 M. The results, again relative to the norleucine standards, are compared in Table 2 with those for pure solutions of amino acids. It can be seen that the presence of tobacco ex- tracts has little effect on the sensitivity of the procedure for these amino acids. The possible interference of ammonia and glucose was studied in the presence of flue-cured tobacco extracts as well as in pure solutions. Table 3 for flue-cured Table 4 for the burley samples. With the fluecured samples, quite good agreem~nt was found between the overall average of 0 /o alpha-amino nitrogen by the nitrous acid procedure and the automated procedure at pH 2.4. The average by the automated procedure is o.o11 °/o higher and the differences between procedures for the individual samples have a standard deviation of o.o2o Ofo alpha-amino nitrogen. Therefore, if these results are assumed to be generally typical for flue-cured tobacco and, further, that the differences for individual samples are normally distributed as they appear to be, then for 95 °/o of flue-cured samples, the automated results would be expected to differ from the value by the nitrous acid procedure by no more than o.o11 ± 0.040 °/o alpha-amino nitrogen. Similarly, for burley samples analyzed at pH 2.4, the automated result for 95 Ofo of the samples should differ by no more than 0.023 ± o.o81. Ofo.
The pH at which the ninhydrin reaction is conducted is seen to have little effect on the results for burley tobacco, but with flue-cured, the average at pH 4·7 is about 20°/o higher than at the lower pH. As reported by Tomita et al. (6), part of the amino acids in fluecured and sun-cured tobaccos appears to exist in combination with sugar and this suggested that the higher results at pH 4·7 might be due to greater detection of amino acid-sugar complexes at the higher pH. While this has not yet been investigated to a great extent, experiments with a 1. :1. proline-glucose compound indicated that this compound is detected to a much greater degree at the higher pH. At pH 2.4, only 0.05 mole of C02 is liberated per mole of compound while at pH 4·7 the evolution of C02 increases to 0.72 mole per mole. If the amino acid-sugar compounds in flue-cured tobacco behave similarly, this could well explain the higher results at pH 4·7· The precision of the automated procedure for the analysis of tobacco extracts was evaluated by repeated analysis of a sample of cigarette filler tobacco which was utilized as a control sample during the analysis of the flue-cure«;{ and burley samples. This sample was analyzed in duplicate on each of 31. days with results as shown in Table 5· A further estimate of the precision of the procedure was obtained by analyzing 22 burley samples in duplicate on each of two days. The relative standard deviations found for the average of duplicates on the same day were 1..5 Ofo at pH 2.4 and 2.8 °/o at pH 4.7, in good agreement with the precision estimates obtained with the cigarette filler. • For the average of duplicate detenninatlons on a single day.
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In an attempt to assess the accuracy of the automated procedure for the determination of total alpha-amino acids in tobacco, 1.2 samples of tobacco were analyzed for individual amino acids by ion-exchange chromatography as described by Williams and Gerritsen (9), as well as for alpha-amino nitrogen by the automated and nitrous acid procedures. The 1.6 alpha-amino acids determined chromatographically were alanine, arginine, asparagine, aspartic acid, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, phenylalanine, proline, serine, threonine, and tyrosine. For each sample, the results for these amino acids were used to calculate a value for total alpha-amino nitrogen. These calculated values have some uncertainty associated with them because the determination of threonine, serine, asparagine and glutamine involves the use of an acidhydrolyzed extract and it is possible that a part of these amino acids found resulted from hydrolysis of peptides and amino acid-sugar complexes. These cal:-culated values and the results by the alpha-amino nitrogen procedures are compared in Table 6 . From an inspection of these data, it is immediately obvious that neither procedure gives results in consistently good agreement with the chromatographic values. To evaluate these data, linear regression techniques were applied with results as shown in Table 7· It was found that the automated procedure, especially at pH 4.7, yields results that are more highly correlated with chromatographic values than does the nitrous acid procedure,
The lack of agreement between the automated results and duomatographic values can be partially accounted for, in the case of the hurley samples, by the anomalous sensitivity of the automated procedure for aspartic acid. For the two hurley samples chromatographically analyzed in this work, 20 to 25 O/o of the total alpha-amino acid was aspartic acid and, based on the values reported by de la Burde et al. (1), aspartic acid can represent more than one-third of the total amino acids in hurley. In the case of flue-cured tobacco, the error due to aspartic acid is considerably lower as this acid generally represents less than 5 Ofo of the total amino acids. The aforementioned uncertainties associated with the chromatographic amino acid determination may also contribute to part of the differences found.
Although the automated ninhydrin-C02 procedure has not been demonstrated capable of accurately determining the total amino acids in tobacco extracts, it still appears potentially useful as a routine method for the analysis of tobacco. Samples can be analyzed at a faster rate and with considerably less operator attention than is required with the nitrous acid procedure. Further, since the procedure has been found to yield results for alpha-amino nitrogen which are more highly correlated with dtromatographically determined values than are results by the nitrous acid procedure, it may possibly provide a more meaningful measurement for the evaluation of tobacco insofar as the total alphaamino acid content is a determining factor in the quality of tobacco.
SUMMARY
An automated procedure for the determination of total alpha-amino acids in aqueous solution has been developed which utilizes the Technicon AutoAnalyzer I. 
